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earlier than in matched, non-injured controls. By the time subjects with
these injuries become symptomatic, irreversible damage to the articular
cartilage and surrounding tissues has likely occurred. Consequently,
much attention has been devoted to biomarker discovery and validation
in hopes of identifying prognostic markers of PTOA onset and early
progression (when intervention may help prevent future degradation),
as well as targets for therapeutic intervention. The onset of PTOA includes
change of the articular cartilage, with one of the initial events involving
a change of matrix proteoglycan content. One process by which this
occurs is through the enzymatic cleavage of aggrecan at the (392)Glu-
(393)Ala bond in its interglobular domain, which results in the release
of N-terminal (393)Alanine-Arginine-Glycine-Serine (ARGS) neoepitopes
into the surrounding synovial ﬂuid (SF). Increased concentration levels
of this proteoglycan degradation marker have been described soon
after acute trauma to the ACL, as well as in long-term follow-up after
menisectomy. It has not, however, been described how this marker
changes over the initial year following ACL-reconstruction (ACL-R)
compared to healthy, matched controls, which was the focus of this
study.
Methods: A case-control study design with nested prospective
component was used to evaluate sf-ARGS levels in ACL-injured subjects
at the time of ACL-R (mean time after injury = 70.1 days, range: 18–155)
as well as at one year following ACL-R. Concentrations were compared
to a group of age, sex, activity level, and BMI-matched control subjects
at baseline and one year follow up. Entry criteria for injured subjects
included: Age at the time of ACL-R = 14–55yrs; BMI =18.5–30, Tegner
activity score >4; no relevant knee pathologies other than the index
ACL injury and reconstruction; normal lower extremity alignment; <2/3
menisectomy; and <Gr IIIb articular cartilage lesions. All reconstructions
took place within 6 months of injury, and all subjects participated in
a standardized rehabilitation program. Entry criteria were similar for
control group subjects, however these individuals had healthy knees
as determined by thorough history, clinical examination, and 3T MRI.
Synovial ﬂuid (SF) samples were obtained via non-lavage arthrocentesis
from all subjects at baseline and one-year follow-up evaluations. Samples
were centrifuged at 4,000xg for 20 minutes at 4°C to remove debris, and
supernatant stored at −80°C until time of assay. ARGS concentrations
were evaluated via sandwich immunosorbent electrochemiluminescence
assay using previously described methods by investigators blinded to
subject group and follow-up interval. Within and between group ARGS
levels were compared statistically via Wilcoxon rank-sum tests.
Results: Distributions of data in both groups were skewed; consequently,
non-parametric statistics were utilized. ARGS levels were not different
between groups at baseline, or within the control group from baseline to
follow-up (Table 1). Injured group ARGS levels were signiﬁcantly lower
at follow-up compared to baseline and follow-up control group levels.
Conclusion: Decreased ARGS levels observed in ACL-R subjects at 1-year
follow-up compared to those observed in healthy controls may be
secondary to new synthesis of full-length aggrecan in response to
the injury, the reconstruction, or altered loading of the joint during
ACL-R rehabilitation. However, the temporal or cyclic patterns of ARGS
production following ACL injury and subsequent reconstruction may not
be adequately elucidated to draw clear conclusions at this time.
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KNEE CARTILAGE RELAXATION TIMES AT 3 MONTHS FOLLOWING
PARTIAL MENISCECTOMY
S. Wu, B.T. Feeley, X. Li, R.B. Souza. Univ. of California, San Francisco, San
Francisco, CA, USA
Purpose: Knee osteoarthritis (OA) is a degenerative joint disease that
affects articular cartilage. Previous studies suggest that meniscectomy
increases risk of knee OA. The microscopic progression of OA begins
with loss of proteoglycan and disruption of the collagen network. Recent
advances in magnetic resonance imaging (MRI) markers, T1rho and T2,
allow for early detection of these biochemical changes. The aim of
this study is to evaluate the effects of partial posterior horn medial
meniscectomy on relaxation time changes of the articular cartilage. We
hypothesize that T1rho and T2 values will be increased at 3 months after
meniscectomy in comparison to the pre-surgical values.
Methods: Six patients (5 male, age: 48.5±12.5 years, BMI:
29.8±3.4 kg/m2) with MRI conﬁrmed tears of the posterior horn of
the medial meniscus were scheduled for meniscectomy. MRI was
performed on each subject’s injured knee using a 3T scanner and an
8-channel phased-array knee coil before surgery and 3 months post-
operatively. The following sequences were collected using previously
established parameters: high resolution water excite SPGR, T1rho and T2
relaxation time maps. Relaxation time maps were made using established
ﬁtting routines. Cartilage segmentation was performed on registered
baseline SPGR images and overlaid on the maps for quantiﬁcation.
Subsequent follow-up maps were registered to baseline images and
cartilage relaxation times were quantiﬁed with the same regions-of-
interest. Medial femoral and tibial compartments were divided into 5
and 3 sub-compartments, respectively, reﬂecting regions of lesser weight
bearing, cartilage-meniscus and cartilage-cartilage contact. Paired t-tests
were performed to determine signiﬁcant changes in cartilage relaxation
times from baseline.
Results: Signiﬁcant increases in T1rho relaxation times of the medial
femoral condyle directly overlying the posterior horn of the medial
meniscus (MFC-4) as well as the posterior medial femoral condyle
(MFC-5;). Average T1rho in the MFC-4 region increased 19% (36.3±4.3ms
at baseline and 43.1±5.2ms at 3-month follow up; p =0.049). Similarly,
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in the MFC-5 we observed a 13% increased T1rho values (40.2±3.4ms at
baseline and 45.6±6.1ms at 3-month follow up; p =0.035) No signiﬁcant
differences were observed in the medial tibial subcompartment.
Additionally, while average T2 values in the medial compartments were
observed to increase, none reached statistical signiﬁcance.
Conclusions: These preliminary results suggest that meniscectomy
affects the biochemical composition of articular cartilage in the knee in as
quickly as 3-months following partial meniscectomy. Speciﬁcally, in this
cohort, elevated T1rho values in areas of cartilage immediately adjacent
to the site of excision may suggest cartilage that normally interacts with
the excised meniscus is more sensitive to early changes in biochemical
composition. Additionally, while not found to be signiﬁcant, average
increase in T2 values may indicate disruption of the collagen network.
However, more work is necessary to elucidate these relationships with
larger sample sizes and long-term follow up examination.
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PREMATURE OSTEOARTHRITIS IN THE TEMPOROMANDIBULAR JOINT
OF HETEROZYGOUS DISPROPORTIONATE MICROMELIA MICE
J.T. Farrell1, M.L. Ricks1, D.J. Falk1, D.W. Holt1, D.L. Kooyman1,
L.C. Bridgewater1, R.E. Seegmiller2,1. 1Brigham Young Univ., Provo, UT,
USA; 2Roseman Univ. Sch. of Dentistry, South Jordan, UT, USA
Objective: A dominant-negative mutation of the Col2a1 gene has been
reported to cause premature degeneration of knee joint articular cartilage
in disproportionate micromelia (Dmm) mice. In the present study we
analyzed the temporomandibular joint (TMJ) of these mice to provide
an animal model of TMJ osteoarthritis (OA) in humans.
Design: Dmm/+ mice, and age-matched controls, were compared
histologically at 2, 6, 9 and 12 months of age. The craniums were ﬁxed
in 4% paraformaldehyde, processed to parafﬁn sections, stained with
H&E, Safranin O and Fast Green, and analyzed using light microscopy. OA
was assessed using a modiﬁed Mankin score which included; cartilage
degradation, cartilage thickness, and Safranin O staining intensity.
Sections were stained for HtrA1, DDR2, MMP13.
Results: The Dmm/+ TMJ showed ﬁssuring of the articular cartilage as
early as 6 months of age, whereas controls showed intact cartilage at
6 months of age and older. Mutant chondrocytes were clustered leaving
numerous spaces devoid of cells within the matrix. Decreased SO staining
was observed in the interterritorial matrix whereas enhanced staining
was observe in the pericellular matrix in the Dmm/+ mice, especially in
superﬁcial zones.
Conclusions: These results suggest that the TMJ of Dmm heterozygous
mice are subject to early onset OA. The degradation pattern of the
articular cartilage in the TMJ of Dmm mice follows the same three-step
process that has been observed in other studies. The present study shows
the relevance of the Dmm heterozygous mouse as a viable model for the
human condition of TMJ OA.
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MECHANICAL STRESS INCREASED P21CIP1EXPRESSION IN
CHONDROCYTES
S. Hayashi, T. Nishiyama, R. Kuroda, M. Kurosaka. Kobe Univ., Kobe, Japan
Purpose: The cyclin-dependent kinase inhibitor p21Cip1was initially
identiﬁed as a potent inhibitor of cell cycle progression. Recently, p21Cip1
was identiﬁed as not just a CKI, but also an important transcriptional
regulator. p21Cip1 has been shown to regulate the activity of NF-kB,
c-Myc, C/EBP, E2F and STAT3. Olive et al. reported that p21Cip1 activity
was essential for the regulation of cell proliferation and inﬂammation
after arterial injury in local vascular cells. Further, p21Cip1regulated
the expression of SDF-1 and MMP-13. These molecules are believed
to be onset of osteoarthritis (OA) in articular cartilage. In this study,
we analyzed the expression of p21Cip1in OA and normal chondrocytes.
Furthermore, we evaluated the function of p21Cip1in response to stretch
stress.
Methods: The expression of p21, col2, aggrecan, MMPs, ADAMTSs in
OA cartilage and normal cartilage were analyzed by realtime RT-PCR.
Stretch stress was introduced to human normal chondrocytes (NHAC-kn;
cell line derived from human normal chondrocyte) for 24h (0.25Hz) by
using STREX (Osaka Japan). Normal knee chondrocytes were pre-treated
with p38 small interfering RNA (siRNA) before induction of mechanical
stress. The expression levels of p21 were compared between primary OA
and normal hip chondrocytes. Finally, the phosphorylation of STAT 3 or
SDF-1 expression was analyzed after transfection of p21 siRNA.
Results: Expression levels of p21, col2 and aggrecan were increased at
5% stretch stress, but decreased at 10% stress. Expression levels of MMP3,
13 were increased at 5% stress (Figure 1). The expression levels of MMP-
13 were increased by p21 siRNA transfection after 5% stress (Figure ).
However, the expression levels of aggrecan were decreased by p21 siRNA
transfection after 5% stress (Figure 2). The expression levels of p21Cip1
were higher in primary normal chondrocytes than in OA. Phosphorylation
of STAT 3 was up-regulated by down-regulation of p21 expression. SDF-1
expression was up-regulated by down-regulation of p21 expression.
Fig. 1. Stretch stress increased MMP-3 and MMP-13 expression.
Fig. 2. Down regulation of p21 affected Aggrecan and MMP-13 expression
in response to stretch stress.
Conclusions: Olive reported that SDF-1 expression is increased in
p21Cip1 KO mice through STAT3 pathway in vascular cells after arterial
injury in human chondrocytes. Cheng reported SDF-1 increased MMP-
13 expression via STAT3 pathway. Therefore, we thought that down-
regulation of p21 increased MMP-13 expression and decreased aggrecan
expression via SDF-1, STAT 3 pathway. p21Cip1 might be function in
chondrocytes mechanobiology.
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THE ANALYSIS OF OXIDATIVE STRESS IN THE SYONOVIAL FLUID OF
OSTEOARTHRITIS
S. Hashimoto. Hashimoto Clinic, Tokyo, Japan
Purpose: Oxidative stress is concerning with aging and many disease
such as cancer, arteriosclerosis. In the synovial joint, it has important
roles for cartilage degeneration and chondrocyte cell death. We have
analyzed oxidative stress and biological ant-oxidative stress in the
synovial ﬂuid from osteoarthritic knees. Oxidative stress (d-ROM) and
biological anti-oxidative stress potential (BAP) were measured using
FRAS4 (free radical analytical sysytem4, Diacrom, Italy). We have
examined the relationship between d-ROM, BAP and OA stage, it was
also determined the inﬂuence after intra-articular injection of hyaluronan
(HA) and corticosteroid.
Materials and Methods: The samples of synovial ﬂuid were collected
from 30 OA patients and 10 simple syonovitis, which were no
abnormality in X-rays and minimum injury of meniscus by MRI. We
have aspirated synovial ﬂuid from knee joints before and after treatment
by HA and corticosteroid. Oxidative stress and biological anti-oxidative
stress potential in the synovial ﬂuid were measured by FRAS4 (free
radical analytical sysytem4, Diacrom, Italy). The d-ROM test evaluate to
the total oxidant capacity in biological ﬂuids, it is mainly due to hydro
peroxides. The BAP test is assessment of plasma biological antioxidant
potential as iron-reducing activity.
